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PREPARING METHOD OF CHIRAL ESTER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a method for preparing a chiral ester and 

more particularly, the method for preparing an optically pure chiral ester from 
a racemic alcohol at a high yield. 

Recently, studies for using a metal or an enzyme as a catalyst have been 
increased in asymmetric syntheses. It has been widely known to use an 
10 enzyme as a catalyst for kinetic resolution of a racemic mixture in organic 
syntlieses. A variety of effective methods for hydrolysis of an ester and 
acylation of an alcohol in the presence of lipase as a catalyst has been reported. 

Kinetic resolution is the fact that the two enantiomers react at different 
rates with a chiral addend. An effective kinetic resolution is the 
1 5 enantioselective conversion from a racemic mixture to an optically pure product 
as shown in scheme 1, leaving the other enantiomer in a reaction medium. 

Scheme 1 



Enzyme 




It is well known to prepare a chiral ester from a racemic alcohol by 
kinetic resolution using esterase. It is possible to obtain an optically pure ester 
but a maximum yield of this reaction is limited to 50% as shown in scheme 1. 
Therefore, dynamic kinetic resolution performing kinetic resolution and 
2r) racemization of an alcohol simultaneously is introduced to resolve such 
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problems (scheme 2), 
Scheme 2 



(R)-Substrate 



(R)-Product 



■rec 



Krec 
(S)-Substrate 



Ks 



(S)-Product 



5 The well-known example of a dynamic kinetic resolution is the reaction 

by using ruthenium complex expressed in the following structure and lipase 
(Novozym 435) [B. A. Persson, A. L. E. Larsson, M. L. Ray, and J. E. Backvall, /. 
Am. Chem. Soc. 1999, 121, 1645]. 

.Ru— H— RiC 
OC CO 

10 Because racemization of a starting material is performed simultaneously 

with kmetic resolution, the effectiveness of the starting material is veiy high 
and thus, yield of obtaining (R) or (S) enantiomer is theoretically 100%. 
However, even if the optical purity of a chiral ester obtained by dynamic kinetic 
resolution is 99 e. e.%, 12 to 40% of ketone as a by-product is produced. 

15 

SUMMERY OF THE INVENTION 

Therefore, an object of the present invention is to provide a process for 
preparing an optically pxire chiral ester from a racemic alcohol by dynamic 
kinehc resolution with minimum production of a ketone. 

20 

2 
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Detailed Description of the Invention 

A process for preparing a chiral ester of the present invention is 
characterized by reacting: 
a racemic alcohol; 

h a ruthenium complex selected from the group consisting of compounds 

1, 2 and 3 expressed in formulas 1 to 3 to activate racemization of said racemic 
alcohol; 

a lipase to acylate selectively one of enantiomers of said racemic alcohol; 

and 

10 an acyl donor group to supply acyl group to said lipase. 



a) 

wherein Q is ^ . ^ |g ^j.^ q ^j. 



15 ^ (2) 

wherein Yi, Yj, Y4, Y5, Ye, Y7, Ys, Y9, Yio, Yn, and Y12 are independently a 
hydrogen atom or C1-C5 alkyl group; and X is Br, CI or I; 



1 -|-Ru Ru-li 

^ ^" (3) 

20 wherein Yi, Yz, Y3, Y4, Y5, Y6/ Y7, Ys, Y9, Yio, Yn, and Y12 are independently a 
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hydrogen atom or Ci-Cs alkyl group; and X is Br, CI or I. 

Said ruthenium complex is selected from the group consisting of the 
compounds 5 to 12 expressed in the followiiig formulas 5 to 12, 



PPh, 



(5) 




(9) 



• 
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wherein X is CI, Br or I, the most preferably CI. 

Preferred content of ruthenium complex is 01 to 5 mol%, relative to a 
racemic alcohol. If the content is more than 5 mol%, cost becomes expensive. 
On the other hand, if it is less than 0.1 moI%, the rate of the reaction becomes 
1 0 too slov^. 

A metliod for preparing a chiral ester from a racemic alcohol by 
dynamic kinetic resolution is described in detail as set forth hereunder. 

A mixture of a racemic alcohol, ruthenium complex selected from 
compounds 1, 2 and 3, lipase and an acyl donor compound is reacted in a 
1 D solvent in the presence of a base shown in Scheme 3, 



5 



wo 01/28970 



PCT/KROO/01170 



Scheme 3 



O 




(4) (100) 
wherein R^, and R^ are, independently, optionally substituted alkyl, 
") optionally substituted aryl or optionally substituted cycloalkyl group and Ri 
and Wf R^ and R% and R^ and R^ can be cyclized each other can be cyclized each 
other, where said substituent of alkyl, aryl and cycloalkyl is a hetero atom such 
as a halogen atom and a cyano group. 

A reaction condition varies with a structure of ruthenium complex. 
10 When the ruthenium complex of formula 6 is used, an oxygen gas is required 
essentially in the reaction and it is performed at a temperature of 40 to 6010. 
Said oxygen gas reacts with phosphine, which is a ligand bonded with 
ruthenium, to convert to phosphine oxide. When the ruthenium complex of 
formula 7 is used, the reaction is performed at a temperature of 20 to 40 "C. 
15 When the ruthenium complex of formula 10 is used, the reaction is performed 
at a temperatm*e of 20 to 40 TC. A base is also required to remove acid 
generated during the reaction. Said base includes triethylamine or 
diisopropylethyl amine but it is not limited to these examples. 

The ruthenium complex of formula 7 is commercially available and is 
20 converted to the ruthenium complex of formula 10 in alcohol/ base condition. 
Therefore, results from the ruthenium complex of formula 7 and the ruthenium 
complex of formula 10 are almost same. 

A mechanism of a reaction of a racemic alcohol, ruthenium complex 
selected from compounds 1, 2 and 3, lipase and an acyl donor compound is 
25 described in detail hereunder. 

6 
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An acyl group supplied from the acyl donor compound is reacted with 
Hpase and this lipase is further reacted with one enantiomer of a racemic 
alcohol selectively to produce a chiral ester. The other enantiomer is 
racemized by reacting with ruthenium complex. And further one enantiomer 



repeated to produce optically pure chiral ester with preventing generation of 
ketone which is a by-product in conventional dynamic kinetic resolution. 



chloride, toluene, benzene, or hexane because a solvent commonly affects 
ID production yield in enzymatic catalysis reaction. An amount of said solvent is 
used to be 0.2 to 0.3 M concentration of a racemic alcohol. 

Said racemic alcohol is generally expressed in the formula 4. It is not 
limited but examples of the present invention are the following compounds 4a, 
4b, 4c, 4d, 4e or 4f, 



from this racemic alcohol is acylated selectively by lipase and this reaction is 



Reaction solvent is not limited but it is preferred to use methylene 



15 



OH 




OH 




(4a) 



20 



OH 




(4b) 
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OH 




Said lipase, which is esterase, acylates one enantiomer from a racemic 
alcohol selectively to a chlral ester. Examples of lipase are Pseudomonas 
cepacias lipase and Candida antarcticn lipase and more particulary, Candida 
antarctica component B lipase supported on acrylic resin (Novozym 435, Novo 
company) or Pseudomonas cepacias lipase supported on ceramic particle (lipase 
PS-Q Amano company). An amount of said lipase is in the range of 10 to 
60mg, preferably 30 mg, relative to 1 mmol of an alcohol in Novozym 435 case, 
and is in the range of 50 to 320 mg, preferably 160 mg, relative to 1 mmol of an 
alcohol in lipase PS-C case. 

Said acyl donor supplies an acyl group to a lipase and acts to move a 
reaction balance to an acylated product in the presence of a lipase. Preferred 
acyl donor is aryl ester or alkenyl acetate, the most preferably aryl ester such as 

8 
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p-chlorophenyl acetate having electi'on withdrawing group. An example of 

alkenyl acetate is isoprophenyl acetate. Such acyl donor compounds are 

preferred to use because they have an appropriate reactivity without inhibiting 

racemization. A preferred amount of said acyl donor compound is 2 to 4 

5 equivalents to 1 equivalent of racemic alcohol. If the amount is more than 4 

equivalents to 1 equivalent of racemic alcohol, it is difficult to isolate after a 

reaction. On the other hand, if it is less than 2 equivalents to 1 equivalent of 

racermc alcohol, the rate of acylation becomes too slow. 

A cliiral ester expressed in formula 100 is obtained by reacting a racemic 

10 alcohol, a ruthenium complex, a lipase, and an acyl donor compound, 

o 

^ R (100) 

wherein Ri, R2 and R^^ are, independently, optionally substituted alkyl, 
optionally substituted aryl or optionally substituted cycloalkyl group and Ri 
and R2, Ri and R^, and R2 and R^ can be cyciized each other, where said 

15 substituent of alkyl, aryl and cycloalkyl is a hetero atom such as a halogen atom 
and a cyano group. 

The chiral ester of formula 100 of the present invention can be used as a 
synthetic intermediate for preparing various chiral compounds, chiral 
pharmaceutical drugs or chiral agrochemicals and more particularly, used as an 

20 essentia] intermediate for preparing Atorvastatin expressed in formula 101 
which is a useful drug for treatment for hyperlipemia, L-Carnitine expressed in 
formula 102 which is as an additive used in food and drugs, and Agenerase 
expressed in formula 103 which is an essential intermediate of AIDS drug. 
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OH O 

— |! 



(102) 



O 




Especially, a chiral compound of formula 100a which is one of the 
compounds of the present invention is a key intermediate for preparing 
Atorvastatin of formula 101 disclosed in US Patent No. 5,908,953, 
OH O 

10 (100a) 

wherein R is a low alkyl group. 

The process for preparing a chiral ester of formula 100 of the present 
invention provides minimum production of by-products such as unreacted 
alcohol residue up to less than 10% and maximum production of product up to 
15 98% having a high optical purity of 99% or more. Because optical purity is the 
most important factor in preparing chiral compounds for food and 
pharmaceutical drugs, the chiral ester of the present invention can be used as a 

useful starting material in various fields, especially fine chemical field. 

10 
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The following examples are intended to be illustrative of the present 
invention and should not be construed as limiting the scope of this invention 
defined by the appended claims. 

f) Example 1 

A racemic alcohol of formula 4a(0.25mmol), triethylamine(0.75mmol), 
ruthenium complex of formula 6(0.01 30mmol), where X is CI. 40mg of lipase 
PS-C, and /7-chlorophenyl acetate(075mmol) were mixed in 2.0ml of 
dicliloromethane to give a redish brown suspension. 
10 Argon gas was purged into the reaction suspension, after removing 

oxygen under the vacuum condition. Oxygen(0.0130mmol) was injected with 
syringe in the reaction suspension and then it was heated at 60 °C for 43 hours. 

Examples 2-6 

15 The product, a chiral ester, was prepared by the same procedure of 

Example 1 except to use racemic alcohol of formulas 4b-4f instead of a racemic 
alcohol of formula 4a. 

Example 7 

20 A racemic alcohol of formula 4a(0.25mmol), triethylamine(0.25mmol), 

ruthenium complex of formula 7(0.0130mmol), where X is CI 40mg of lipase 
PS-C, and p-chlorophenyl acetate{0.75mmol) were mixed in 1.2ml of methylene 
chloride to give a dark redish suspension. 

Argon gas was purged into the reaction suspension, after removing 

25 oxygen under the vacuum condition and then it was heated at 40V. for 44 
hours. 



11 



wo 01/28970 PCT/KR0O/0U7O 



Examples 8-12 

Tlie product, chiral ester, was prepared by the same procedure of 
Example 6 except to use racemic alcohols of formulas 4b-4f instead of a racemic 
alcohol of formula 4a. 

5 

Example 13 

A racemic alcohol of formula 4a(0.25mmol), triethylamine(0.25mmol), 
ruthenium complex of formula lO(O.OlOOnmiol), where X is CI, 40mg of lipase 
PS-C, and p-chlorophenyl acetate(0.75mmol) were mixed in 1.2ml of methylene 
10 chloride to give a dark redish suspension. 

Argon gas was purged into the reaction suspension, after removing 
oxygen under the vacuum condition and then it was heated at 40 "C for 44 
hours. 

15 Examples 14-18 

The product, chiral ester, was prepared by the same procedure of 
Example 11 except to use a racemic alcohol of formulas 4b-4f instead of a 
racemic alcohol of formula 4a. 

20 Comparative Example 1 

A racenuc alcohol of formiila 4a(2mmol), ruthenium complex expressed 
in the following structure below(0.04nunol), 60mg of Novozym 435, and p- 
chlorophenyl acetate{6mmol) were mixed in 5ml of toluene to give a dark 
redish suspension. 

25 The reaction suspension was heated at 70 "C for 46 hours under argon 

gas. 
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o"o 



Ph4 



Ru — H— Ru 

OC CO 



Comparative Examples 2-5 

The product, a chiral ester, was prepared by the same procedure of 
T) Comparative Example 1 except to use racemic alcohols of formulas 4b, 4d, and 
4e and octan-2-ol instead of a racemic alcohol of formula 4a. 

Yield, optical purity, and formation of ketone of each reaction of 
Examples 1-15 and Comparative Examples 1-5 Vk^ere determined and tabled in 
Table 1. Said yield was analyzed by ^H-NMR spectrum, and said optical 
10 purity was determined by high performance liquid chromatography. Said ^H- 
NMR spectrum was taken by using Bruker AM 300 and said high performance 
liquid chromatography was SpectraSystem P2000. 



Table 1 



Section 


Formation of 
ketone (%) 


Yield (%) 


Optical purity 
(e.e.%) 


Example 1 


0 


85 


96 


Example 2 


0 


82 


99 


Example 3 


0 


98 


99 


Example 4 


0 


91 


95 


Example 5 


0 


85 


97 


Example 6 


0 


92 


96 


Example 7 


8 


90 


94 


Example 8 


10 


90 


99 


Example 9 


8 


90 


99 
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Example 10 


8 


92 


99 


Example 11 


8 


83 


99 


Example 12 


7 


91 


98 


Example 13 


5 


95 


94 


Example 14 


7 


93 


99 


Example 15 


5 


93 


97 


Example 16 


4 


96 


99 


Example 17 


4 


85 


99 


Example 18 


4 


95 


99 


Comp, Example 1 


20 


Below 80 


- 


Comp. Excimple 2 


40 


Below 60 




Comp. Example 3 


22 


Below 78 




Comp. Example 4 


23 


Below 77 




Comp. Example 5 


20 


Below 80 





As shown in Table 1, the amount of a ketone formed as a by-product in 
Comparative Examples 1 to 5 is in the range of 20 to 40% while that in 
Examples 1 to 18 is less than 10%. Therefore, the yield of the final product, a 
cliiral ester, prepared by Examples 1 to 18 is much more improved. 

As a result, it is proved that the present invention provides a process for 
preparing an optically pure chiral ester from a racemic alcohol with minimizing 
the formation of ketone at a high yield in the presence of catalysts which are 
ruthenium complex selected from formulas 1, 2, and 3, and lipase. 
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CLAIMS 

What is claimed is : 

1. A process for preparing a chiral ester expressed in formula 100 by reacting; 
5 a racemic alcohol of formula 4; 

a ruthenium complex selected from the group consisting of compounds 
1, 2, and 3 expressed in formulas 1, 2, and 3 to activate racemization of said 
racemic alcohol; 

a lipase to acylate one enantiomer selectively from said racemic alcohol; 

10 and 

an acyl donor compound to supply acyl group to said lipase. 



15 



(1) 

wherein Q is ^ -xj^ qj. ^ a^d X is Br, CI or I; 



wherein Yi, Y2, Y3. Y4, Y5. Ye, Y7, Ys, Y9, Yio, Yn, and Y12 are independently a 
hydrogen atom or C1-C5 alkyl group; and X is Br, CI or I; 



20 ^ (3) 



15 



wo 01/28970 



PCT/KR00/OU7O 



wherein Yi, Y2, Y3, Y4x Y5, Y6, Y7, Ys, Y9, Yin, Yu, and Yi2 are independently a 

hydrogen atom or C1-C5 alkyi group; and X is Br, CI or I; and 
OH 




O 

5 ^*^R^ (100) 

wherein R^, and R^^ are, independently, optionally substituted alkyl, 
optionally substituted aryl or optionally substituted cycloalkyl group and R' 
and R2, R^ and R^, and R2 and R^ can be cyclized each other, where said 
substituent of alkyl, aryl and cycloalkyl is a hetero atom such as a halogen atom 
10 and a cyano group. 



2. The process for preparing a chiral ester according to claim 1, wherein said 
racemic alcohol is selected from the group consisting of the compounds 4a, 4b, 
4c, 4d, 4e and 4f . 



OH 



15 
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OH 




3. The process for preparing a chiral ester according to claim 1, wherein said 
10 lipase is selected from the group consisting of Pseudomonns cepacins lipase and 

Candida antarctica lipase. 

4. Tlie process for preparing a chiral ester according to claim 1, wherein said 
rutlienium complex is selected from the group consisting of compounds 5, 6, 7, 

If) 8, 9, la n and 12, 

(5) 
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wherein X is CI, Br or I, the most preferably CI. 

5. The process for preparing a chiral ester according to claim 3, wherein X is 
5 CL 

6. Tlie process for preparing a chiral ester according to claim 1, wherein said 
reaction requires use of oxygen gas. 

10 7. The process for preparing a chiral ester according to claim 1, wherein a 
content of said ruthenium complex or its derivatives is in the range of 0.1 to 
5mol% to said racemic alcohol. 

8. Tlie process for preparing a chiral ester according to claim 1, wherein said 
1 r) acyl donor compound is aryl ester. 

9. The process for preparing a chiral ester according to claim 7, wherein said 
aryl ester is selected from the group consisting of p-chlorophenyl acetate and 
alkenyl acetate. 

20 
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[pL'"1HERAPCaT{VET): Anthelmintic, pediculicide, acaricide. 

'sygfi92. Sodium Folate. [6484-89-5] Folic acid sodium 
[Spit; sodium pteroylglutamate; sodium Folvite. C^HigN^NaO^; 
towt 463.38. C 49.25%. H 3.92%, N 21.16%, Na 4.96%, O 
12172%. Sold only as sterile soln in ampuls, 
'^dear, mobile liquid. Yellow to orange-yellow color. pH be- 
tween 8.5 and 1 1 .0. For spectrophotometric data see Folic Acid. 
' THERAPCAT: Water-soluble hematopoietic vitamin. 

g'8693. Sodium Formaldchydesulfoxylate. [149-44-0] 
By<tDxymethanesulfin!C acid sodium salt; formaldehyde so- 
'im SUlfoxylate; formaldehydesulfoxylic acid sodium salt; so- 
Snn hydroxy methanesulfinate; sodium methanalsulfoxylate; 
iJdanil; Rongalite; Rongalite C. CHjNaOjS; mol wt 118.09. 
Cj|p.l7%, H 2,56%, Na 19.47%, O 40.64%, S 27.15%. 
SlHpCHiSO;]. Prepn: Heyl, Greer, Am. J. Pharm. 94, 80 
|W2); Binns. US 2013125 (1935 to Virginia Smelting); Post- 
■fcon?,* Kunin, y. Appl. Chem. USSR 13, 185 (1940). Structure 
ifihytlrate: Truter, J. Chem. Soc. 1955, 3064; 1962, 3400. Of 
value in treatment of mercuric chloride poisoning: Mo- 
*tftf af., J. Pharmacol. Exp. Ther. 61, 66 (1937). 
EjMirdrate. Crysuls, mp 63-64°. dec at higher temp. Odor- 
to when freshly prepd. but quickly develops a characteristic 
(prtic) odor. Freely sol in water; practically insol in abs alco- 
U,'rther. benzene. Readily dec by dil acids. Aq soln is prac- 
Imy neutral. Keep well closed in a cool place. LD s.c. in mice, 
Ugflcg: Rosenthal, Public Health Kept. (U.S.) 49, 908 (1934). 
HgREi, In vat color printing pastes: Borstelmann, Fordemwalt, 
K^7281 (1952 to Am. Cyanamid). In polymerization of 
ic compds: GB 816252; GB 852593 (1959 to Hercules 
jp,^:, 1960 to Air Reduction), In manuf of arsphenamines: 
SWBpiede, J. Am. Pharm. Assoc. 8, 795 (1919); Heyl, Miller. 
'WU, 432 (1922). 

H^iapcat;- Treatment of mercury poisoning. 

pg^. -. Sodium Formate. [I4I-53-7] CHNaO^; mol .wt 
17.66%, H 1.48%, Na 33.80%, O 47.05%. HCOONa. 
deliquesc granules or oiyst powder; slight odor of for- 
[ffi^**" "^^ higher temp dec into sodium 

Sj^a^d hydrogen, then into sodium carbonate. Sol in —1,3 
'^iJ-ater. so! in glycerol, siighUy in alcohol. The aq soln is 
^©l: pH ~7. Has buffering action. Keep well closed. 
»^,^In dyeing and printing fabrics; also in anal, chemistry 
IjAtpipitant for the "noble" metals. Solubilizes trivalent 
[^Wi^ ^ forming complex ions. Buffering action 

■^^tne pH of strong mineral acids to higher values. 
y^W'CAT: Caustic, astringent. 

Sodium Gluconate. [527-07-1] Gluconic acid so- 
hipioTj- QH,,NaO,; mol wt 218.14. C 33.04%. H 5.08%, 
' ^ ^*-34%. The normal sodium salt of gluconic 

Mitof'^' ^® technical grade may have a pleasant odor, Soly 
JJWat 25": 59 g/100 ml. Sparingly sol in alcohol, Insol in 
'f*vi solns are stable to short boiling periods. 
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USE: As sequestering agent forming water-sol complexes 
with calcium in alkaline media and with iron in near neutral 
solns. Used in metal plating, mineral tanning of hides, mor- 
danting fabrics, and in water-paste paints. Has been suggested 
as a photographic processing aid. 

8696. Sodium Glycerophosphate. [1334-74-3] 1,2,3- 
Propaneiriol mono{dihydrogen phosphate) disodium salt. CjH,- 
NajOsP; mol wt 216.04. C 16.68%, H 3.27%, Na 21.28%, O 
44.43%, F 14.34%. Three isomers exist: The j3-glycerophos- 
phoric acid disodium sah ((HOCH2)2CHOP03Na2) and D(-t-)- 
and L(-)-a-glycerophosphoric acid disodium salt (HOCH2- 
CH(OH)CHiOP03Na2). Prepn: H. King, F. L. Pyman, Pharm. 
y. 92, 5 1 1 ( 1 9 1 4). Exptl use in diagnosis of prostatic carcinoma: 
M. K. Schwartz et at., Ann. N.Y. Acad. Set. 166, 775 (1969). 
Chronic toxicity study of ;3-form: K. L. Raheja et al., Toxicol- 
ogy 8, 1 15 (1977). Efficacy of ^form as cariostatic agent: T. 
H. Grenby, J. M. Bull. Arch. Oral Biol. 20, 717 (1975). GC 
determn: Y. Handa et at., J. Chromatog. 206, 387 (1981). 

^-Form hemiundecahydrate. White, odorless, scale-like 
crystals; dec >130°. Sol in -1.5 parts water; more sol in hot 
water. (pH of aq soln: -9.5). Insol in alcohol. 

THERAP CAT: Tonic. 

THERAP CAT (VET): Has been used as a tonic. 

8697, Sodium Hexachloroplatinate(IV). [16923-58-3] 
Di.sodium hexachloropIatinate(2-); sodium platinichloride; so- 
dium chloroplatinate. CleNajPt; mol wt 453.78. CI 46.88%, Na 
10.13%, Pt 42.99%. Na2[PtCl6]. Prepn: Grube in Handbook 
of Preparative Inorganic Chemistry vol. 2, G. Brauer, Ed. (Ac- 
ademic Press, New York. 2nd ed.. 1965) pp 1571-1572; Cox, 
Peters. Inorg. Syn. 13, 173 (1971). 

Yellow, hygroscopic crystals. Easily forms hexahydratc at 
25° and relative humidity >50% (reconverted to anhydr salt by 
heat at 1 10° for one hour), uv max (1 formal HCl): 262 nm (e 
24500). Sol in water, alcohol. 

USE: Catalyst. 

8698, Sodium Hexafluorosilicate. [16893-85-9] Sodium 
fluosilicate; sodium silicofluoride; Salufer. FsNa^Si; mol vfX 
188.06. F 60.61%, Na 24.45%, Si 14,93%. Na^SiFg. Toxicity 
study: C. W. Muehlberger, /. Pharmacol. Exp. Ther. 39, 246 
(1930). Review of toxicology of fluoride compounds: G. L. 
Waldbott, Acta Med Scand. Suppl. 400, 1-44 (1963), 

White, granular powder, d 2.68. Melts at red heat with de- 
compn. Sol in 150 parts cold, 40 parts boiling water. Insol in 
ale. The soln in cold water is neutral. LD in rabbits (mg F/kg): 
76 intragastric; in rats (mg F/kg): 42 s.c. (Muehlberger). LD in 
guinea pigs (mg/kg): 250 orally, 500 s.c. (Waldbott). 

use: In enamels for china and porcelain; manuf opal glass; 
as insecticide, rodenticidc; mothproofing of woolens. Fluori- 
dating agent for drinking water. Intermediate in prodn of syn- 
thetic cryolite. 

THERAP CAT (VET); „,Pediculicide. 

8699. Sodium Hydride. [7646-69-7] HNa; mol wt 24.00. 
H 4.20%, Na 95.79%. NaH. Prepd by passing hydrogen into 
molten sodium dispersed in oil or mixed with a catalyst such as 
anthracene above 250°: Hansley, Carlisle, Chem. &. Eng. News 
23, 1332 (1945). Laboratory procedure by hydrogenating so- 
dium dispersions: Mattson, Whaley, Inorg. Syn. 5, 10 (1957). 
Book: }. Plesek, S. Hermanek. Sodium Hydride, Its Use in the 
Laboratory and in Technology (lliffe Books, London. 1968) 185 
pp. 

Silvery needles; the commercial product is a gray-white pow- 
der, d 1.396. Dec 425°. Reacts explosively with water, vio- 
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8700 

agent and reduction catalyst. 

8700. sodium Hydrosulfi... [7775^.4^^ Sod^un, sui- 

£%^itot^"76*"rs-s°tc~ 

reaction. Very sol in water, slightly 

also to 

p 2218s under sodium di^'omte .^^^ 

J^L^«S?-p^.— ^^^^^^ 

fabrics. 



soda lye; »«i'"">i)'"^'°„!5 b» <^='"""" ky^""" 

rnd^^s-^^is-.rsjiy^^^^ 

Cft^m/coJ., F. A. V>7°''ri^'5^»J^7S^7« Toxicity: Fa- 
science. New York. 4th ed.. "975)^ "' ' 

of moiscuie. Sold as lumps, '»'^!^.^'^l^t^:9S%t^^OH. 

CS, „'^.t.V.2^?:bf alcohol 4^2^^^^^^^ 
glycerol Gener™;de^^^^^ 

ihe soln is mixed with an °- J" . fonnalion 
in a,e laboratory must be P'^^^S'/^TSIJSve practically no 

r-,3TaT.^/p.4. b^...d ™ 

fSr3oC'33"'"434%l\=30. 

'"-s..Torjir.;rr^Ss-^^^^^^ 

Chemical Hazards (^""^'^ '"^"J „.„,-.aUze acids and make 

ac;d;r t*o\rearce,lu,o. in m*^^^^^^^^^ 
cellopl.a,«. in reclaimrng rubber '° ^yj^iy^e fats 

Iheyt^^i^- ^^^^^^^^^^^ 

rcXSdi)"- 

"'^"■<v^^ Causric; dehorning of calves. 
rli^se^Tn"— T^r^^ ^^-^.^^7. 

r^3^p? 4"3ro.'^a^wt^"^r- - Of ... 



f , rliluted antiseptic formulation: H. Plagge, P/wrm. 2rg: 

NO r26-3 (1993). Review of toxicology and t«e « 
I h^ia biead. F Racioppi Food Chem. Toxicohn. 

^^s'^M ?i9^4?of use in health care facilities: W. A. Rutala. 

of use as endodontic irrigant: R- M. Clarkson, A. J. Moule^u^ 

TZ To'- 29"fg/K^H^. 'Aqueous solutions for 

K t\ u ™.^n ~S 25% Solutions for use as anuscptlci 
r.Ii^~t5Trc:.um\y^chlorite and are buffered or stal^ 

"^ctl":- 1"ymptoms of overex^sure by ingcstic*^ 
arc pa n and inflammation of the mouth. Pharynx esopha^ 
arc pain a" circulatory collapse, cold and clammy skm; j 

'*°"nt Ta^^w re'pSs; confusion, delirium, comi, J 
cyanosis shallow resp ^.^ ^^^^^ obstructioaj * 

edema of P^^fy"'^'. '^^""'j ^^^ch Potential symptoms of ov* 
exposure oy im ^ ^ay cause vcsiculir .^J 

-^"^Sn^S^z^id dermamis. See Clinicai;ra^ 

"""^sr Aq soln as bleach, disinfectant; chlorination of ^ 
ming pools; sanitation of drinking water. 
THERAPCAT: Antiseptic, disinfectant. 



|K 8706. Sodium Iodide, Radioactive. 

Etlio-iodide ('^M); sodium iodide— '^'l: 
Iwlide; Radiocaps- 131; Theriodide- 131.1 
[iodine ('^'I) which has a half-life of 8 da 
ilgamma rays. Other properties identical ' 
[ijodiom iodide. Dispensed as carrier-free 
k^sules for oral use or in aq soln for or; 
lisoation. 

V. THERAP CAT: Diagnostic aid (thyroid ' 

||' 8707. Sodium lodomethamate. [5 

R^-diiodo- 1 -methyl-4-oxo-2,6-pyridined 
ffium salt; 3.5-diiodo-l-melhylchclidami 
Sodium Af-melhyN3,5-diiodo-4-pyridone 
l'i>xyl; Neo-Iopax; Pyelectan; Ur 

Ifbol wt 492.90. C 19.49%. H 0.61%. 1 
1^933%. O 16.23%. Prepn; Chelidonicac 
^yamic acid by the action of NHj, chelit 
ihrith iodine in a boiling aq alkaline soln 
E&pethylated at the nitrogen with dimet' 
[ffce soln, cf. Dohm, Diedrich. Ann. ■ 
IS45916; DE 545266; DE 556142; US 1! 



Kir 



g/l 00 g; in propylene glycol: 9.7 g/100 g. meaq 
•is^LT^e^ t arsenic arrd iodates; prepn of hyp.^ 
phites syrup. * 
8704. Sodium lodate. n681-55^1 INaO^; 

^^xtisr^tfsr^s..^i:s^ 

^''v^ite,cryst powder, d 4.28. Sol in acetone acetic^^^^ 
in^ 1 1 parts water, 3 parts boiling ^v^ai^^;^^"^°|;" :4 t.p..-!« 
solnisn^eutral. LD«> in female mice (mg/kg). 119 -4 tp.,^,,^ 
±4 i.v.. 505 ±26 orally (Webster). 
THERAP cat: Antiseptic (mucous membranes). ■ ^ 
8705 Sodium Iodide. [7681-82-5] loduril; A^JJ^ 
INa niol wt 149.89. 1 84.67%. Na 15.34%. Nal. U-S, 

^^^^rrolrdeliquesccryst^s. 

' . /li ,«,^n mnintiire on expo*"* 




White, odorless, deliquesc crystals or B'-'-"' " vim 

-^;£eLorbr^»n[le*S^^^^ 
I sol'n is simn-,y affected^ a 3/7.^n,p 6^^^^ 

solves in 0.5 ml wi 
It is made slightly 



irly attectea. a j."/- ...f—- , . :„ accKS 
;oWes in 0.5 ml water, ~2 ml ale 1 ^y^^^^^ pH:)^ 
It is made slightly alkaline to render it more ^^^^'^J,^^^ 

Keep ... ^^^^^f^i:-::^^^ 



S c^r^ aXs frTm i;.;; with 2H O i^n ^Hc fonn^S?!?] 
pnsmaX crystals. Incompa. As of P-'-^'^Z-M4 
[v. in rats: 1 .3 gAcg, Loe^er, Konwiser, X i^- 

^^tL'S cat: Iodine supplement; ^'^P^^^^^'^^osis.'"-^ 
™rKAPCAT<v^>: Actinobacillosis,acunoin^-^ 

torant. Has been used for ""8^°"?^' '^yPJ^' 9^ 
sions, paraplegia from pachymening-tis of dogs. 



l*Ciystals, dec around 200° with effen 
l^tcr (1:1). Practically insol in chlorofc 

ClHERAP cat: Diagnostic aid (radiopii 

|i S708. Sodium Isopropyl Xantha 
Ipylxanthic acid sodium salt; Good-Rite 
l5t' 158.22. C 30.37%, H 4.46%, Na 
'^3%. (CH,)2CHCX:SSNa. 
ifbeliquescent, white to yellowish pow 
Rightly unpleasant odor. Soly in water: 
\m at 35**. 

'H^ution: Irritating to skin, eyes, m 

[Iritoiy tract. 

&SE: Control of annual weeds in be: 

|8709. Sodium Lactate. [72-17-3 
|Se*wt 112.06. C 32.15%, H 4.50%. 
iStoinercially available as a mixture w 
H?» sodium lactate. Ref: Shaw, US 
Iffity Prod. Corp.). 

I^?olorless or almost colorless, thick, c 
water, alcohol. The soln is neutral 

l^E: Instead of glycerol in calico i 
^Scasein; as a corrosion inhibitor in a 
l&tERAP CAT: Electrolyte replenish! 

P CAT (VET): Has been used i I 

Sodium Lauryl Sulfate. | 
■^Wiodecyl ester sodium salt; sodiu' 
Ci2H25Na04S; mol wt 288.38. 
«*.0 22.19%, S 11.12%. CHj(C 
•Metergent prepd by sulfation of la 
"^ilization with sodium carbonate: 
^ '^-Z. 63, 50 (1933). Surfactant r 
Bff^son, Trans. Faraday Soc. 33, I 
Eng. Chem, 36, 610 (1944 
J'nd mol wi estimation of protei. 
ij^*"!- Biophys. Res. Commun. 28 
|&*>oni, J. Biol, Chem. 244, 4406 
S. Leach et at.. Biochemistt 
"-^dy: A. I. T. Walker et at.. Foo 
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Potassium Carbonate 



im Acetate. (127-08-2) CiH,KO,- - 
i 3.08%, K 39.84%. O 32.61%. CHjC 
IS. rapidly deliquesc crysols or whiij 
d" 1 .57. mp 292°. One gram dissoi 
it boiling waicr, 2.9 ml alcohol. The,, 
i. pH of 0.1 molar aq soln 9.7. Kecp^ 

in rats: 3.25 g/kg. H. F. Smyth < 

30,470(1969). 
ikalizer. 

i: Has been used in cardiac arrhy 

-UTCtic. 

.um /j-Aminobenzoate. (138-8 
J potassium salt; potassium para-z 
[aba. QH^KNOi; mol wt 175.23. ( 
fc. N 7.99%. O 18.26%. Prepn: E.A. 
(. Soc. 89, 3565 (1967). Crystal stnjo 
,pt. Rend. Sen C 267, 1402 (1968). 
diopathic pulmonary fibrosis; U. H, ( 
-> 152, 75 (1975); in Peyronie's disc, 
«y«jr. Med. 6, 29 (1970): G. Witliams, ] 
52, 392(1980). 



coo" K 



alcohol. Saline taste. Slightly alkaUne | 
;oln about 7. Very freely sol in water,! 
y insol in ether. Reported to cause less ( 
t free acid or the sodium salt, 
in the manuf of condensation poly 

Antifibrotic. 

jsium Arsenate. (7784-41-0] Potassiu 
iium dihydiogcn arsenate; Macquer'i 
VI 180.03. As4l.62%,H 1.12%, K 21.7 

lals or while, cryst mass or powder. Pois 
. parts cold, moi« sol in hot water, slov '- 
.nsol in alcohol. 

cxUle, tanning, and paper industries, 
ons (especially Ity paper). 

issiura Arsenite. (13464-35-2] 
as variable composition; approx KH(A 
data: A. J. Lehman, Quart. Bull. / 
15, 122 (1951). Evaluation of carcin 
nhs 2, 48-73 (1973); Comm. Eur. Con 
3, 53-58 (1991). 

icopic powder; gradually dec on exp 
Very poisonous' Sol in water. Keep welle 
ats: 14 mg/kg (Lehman). J, 
nsenlte solution. [ 1 332- 1 0- 1 ] Fowler • 
^luuon. Prepd by dissolving arsenic tncT 
icartKinate and ethanol. Toxicity study: 
iron. Health Perspec. 95, 205 (1991). 
luf of mirrors to reduce the silver salt to i 

Fowler's soln formerly as antineopla 

vETc Fowler's soln has been used as tf| 
in pulmonary emphysema, chronic coug 
.kin diseases. 

tassium Bicarbonate. (298-14-61 
; K-Lyte. CHKO;,; mol wt 100.12. C 12^ 
5%. O 47.94%. KHCO3- Comainsnotl 



is section. 



transparent crystals, white granules or powder. Sol 
c water, 2 pans water at 50°. Almost insol in alcohol. 
2i(in 0.1 molar concn). 
X Jn baking powders, effervescent sails. 
pCAT; Potassium supplement. 

^ . Potassium Bifluoride. [7789-29-9] Poia.ssium acid 
^potassium hydrogen (luoride. FjHK; mol wt 78. 10 F 
H 1-29%, K 50.06%. KF.HF. Prepd according to the 
+ 2HF = KHFj -I- H2O: Lange, Eichler, Z Phyjiik. 
285 (1927); Kwasnik in Handbook of Preparative 
vc Chemistry vol. 1, G. Brauer, Ed. (Academic Press, 
rk, 2nd ed.. 1963) p 237. Made commercially from 

a carbonate and hydrofluoric acid. 

igonal crystals. Poisonousf d 2.37. mp 238.7°. Trans- 
jon pt 195°. Soly in water (g/lOO ml); 30.1 (10°); 39.2 
i 14.0 (80°). Sol in dil ale. Insol in abs ale. 
iron: Corrosive and irritating to skin, mucous mcm- 

. In the prepn of pure potassium fluoride: as an eleciro- 
j'the manuf of fluorine; frosting glass; treating coal to 
it slag formation; flux for sliver solders; catalyst in the 
ion of benzene with olefins. 

13. Potassium Binoxalate. [127-95-7] Potassium acid 
-salt of sorrel; sal acetosella, C2HKO4; mol wi 128 11 
'59b, H 0.79%, K 30.5 1 %, O 49.95%. K(XX:COOH. In- 
fly **saU of lemon". The same synonyms apply to potas- 
Qtetraoxalate. 

^J^OiK^ydrate. White, odorless crystals. Poisonous! d 2.0. 
]ilii40 parts cold, 6 parts boiling water, slightly in alcohol. 
QaC0.1 molar aq soln; 2.7. 

i Removing ink stains, scouring metals, cleaning wood; 
phy; as mordant in dyeing; bleaching stearic acids. 

Potassium Biphthalate. r877-24-7] Phthalic acid 
I acid salt; potassium acid phthalate; potassium hy- 
nphthalate; acid potassium phthalate, CgHjKO^- mol wt 
"i. C 47.05%. H 2.47%. K 19.15%, O 31.34%. HOOCC^- 
OK. Prepd by half-neutralization of a phthalic anhydride 
J. Welcher. Organic Analytical Reagents vol. 2 (Van 
-I, New York. 1947) pp 75-79. 
, hombic crystals, stable in air. df 1 .636. Acid reaction- 
gtf«.05A/ aq soln at 25° = 4.005 (glass electrode). Sol in 
*«gl2 parts cold water, 3 parts boiling water; slightly sol in 

As primary standard for preparing volumetric alkali 
^-also as a buffer in pH determinations. 

Potassium Bisulfate. [7646-93-7] Potassium acid 
S potassium hydrogen sulfate; sal cnixum. HKO.S; mol 
7. H 0.74%. K 28.71%, O 47.00%, S 23.55%. KHSO4. 
. deliquesc crystals, pieces, or granules, d 2.24. mp 
tt higher temp loses water and is converted into pyrosul- 
"l in 1.8 parts water, 0.85 pan boiling water. Keep well 

\ As flux in analysis of ores and siliceous compds 
*PCat: Cathartic. 

Potassium Bisulfide. [1310-61-8] Potassium hy- 
potassium hydrogen sulfide; potassium sulfhydrate 
wt 72.17. H 1.40%. K 54.17%, S 44.43%. KHS 
industnally from Ca(HS)2 and K^SO^: Hene, DE 380385 
^..irom HjS and K^S; Bassett, US 1662735 (1925)- Stro- 
.^ones. US 1771384 (1926 to Dow). Prepn of pure ma- 
^ "i^ "P°" potassium metal dissolved 
l'^?!^ ■ 558, 564 (191 I); West, 

E?^ 88, 102 (1934). 

Ms, deliquescent crystals or white, strongly hygro- 
'-'^"^"y present as the hemihydrate. Tri- 
, r«^eni. d 1 .70. Rapidly becomes yellow on exposure to 
i-2»r**™^''°" polysulfidcs and HjS. Becomes anhydr ai 
• mp 450-5 1 0° forming a dark red liquid. Heat of for- 
+62.5 kcal. Heat of soln at 17°; +0.77 kcal. for hem- 
^•fcat 16°: +0.62 kcal. Freely sol in water, alcohol 

^'• Potassium Bitartrate. [868-14-4] Potassium acid 
*:id potassium tartrate; potassium hydrogen tartrate; 
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cream of tartar; crcmor lartari; faccula; faccla C H KO m.^l 
wt 188.18. C 25.53%. H 2.68%, K 20.78%. O 51.01%. KHC 
H,0^. Obtained from the .sediments in the tnanuf of wine 
known as argols or wine lees. The .salt is ai least 99.5% pure 
See filsn Argoi and Tartaric Acid. 

Colorlcw crystals or while, crysi powder: pica.sant acidulous 
taste. One gram dis.solvcs in 162 ml water, in 16 ml boilinp 
water. 8820 ml alcohol; readily so! in dil mineral acids. In solns 
of alkalies or borax. Soly in water also given as aUiut 0.4% at 
10° to about 6% ai 100°, 

U.St: Largely in baking powders; coloring metals, galvanic 
nnning of metals; reducer of CrO, in mordants for wool. 
THifRApCAT: Cathartic. 
THERAP CAT ( VLTj: Laxative, diuretic. 

7698. Potassium Borohydride. (13762-51-1] Potassium 
telrahydroboratc. BH^K; mol wi 53.94. B 20 04% H 7 47% 
K 72.48%. KBH,. Prepn: H. I. Schlcsingcr ^/ 7. 4,h. CW 
Soc. 75, 199 (1953). Commercial process: M. D. Banus «/ 
ihtd. 76, 3848 (1954). NMR relaxation study T Tsang T c' 
Farrar, J. Chcm. Phy.s. 50, 3498 (1969); IR and Raman spectra! 
K. B. Harvey, N. R. McQuaker, Can. J. Chem. 49, 3272 (197 1). 
Use as reducing agent in protein labelling: E. K. J. Pauwcis el 
at.. Nucf. Med. Biol. 20, 825 (1993); in simple reductions: C. 
Than et al., J., Label. Compd. Radiopharm. 38, 693 (1996) J 
C. Briggs ei al.. Tetrahedron 53, 3943 (1997). Review of po- 
tassmm and other metal tetrahydroborates: B. D. James, M. G. 
H. Wallbridge, Prog. Inorg. Chem. 11,99-231 (1970). 

Non-hygroscopic crystals. Stable to air. d 1.11. /ip + 1 490 
Dec commences at about 500°. Supports combustion. Negative 
heat of soln in H^O = 6.3 kcal/mol. Soly (w/w) in water at 25°- 
19%; hq ammonia at 25°: 20%; ethylenediaminc al 75°" 3 9%- 
methanol at 20': 0.7%; DMF at 20°: 15.0%. 0.25 g dissolves 
m 100 g of 95% ethanol at 25'. Soly in a 4:1 water- methanol 
mixture: 13g/100g. Insol « 0.01 %) in isopropy!am inc. ben- 
zene, hexane. ether, dioxane, tetrahydrofuran and acctoniirile 
Alkaline aq solutions are stable. 

USE: Reducing agent; source of H~. 

7699. Potassium Borotartrate. [12001-68-2] Potassium 
tartratoborate; soluble cream of tartar; boratcd cream of tartar; 
potassium .sodium borotartrate. Made by evaporating a soln of 
2 parts borax and 7 parts potassium bitartrate. 

White, odorless powder. Freely sol in water. 
USE: Has been used in photography as a rctarder for alkaline 
developers. 

7700. Potassium Bromate. [7758-01-2] BrKO,; mol wt 
167.00. Br 47.85%, K 23.41%, O 28.74%. KBrO,. 

White crystals or granules, d 3.27. mp about 350°. decom- 
posing al about 370° with evolution of oxygen. Sol in 12.5 parts 
water. 2 pans boiling water. Almost insol in ale. 

Caution: Ingestion may cause vomiting, diarrhea, methe- 
moglobinemia, renal injury. 

USE: Bread- and flourMmproving agent; in analytical chem- 
istry. 

7701. Potassium Bromide. [7758-02-3] BrK: mol wt 
1!9.00. Br 67.15%. K 32.86%. KBr. Continuous electrolytic 
process of prepn: MayloK. Elkins, US 2989450 (1 96 1 to Dow). 

Colorless crystals or while granules or powder, d 2.75. mp 
730° One gram dissolves in 1.5 m] water, 1 ml boiling water 
250 ml ale, 4.6 ml glycerol. The aq soln is neutral. 

Caution: Large doses cause CNS depression. Prolonged in- 
take may cause menial deterioration, acneform skin eruptions. 

USE: Manuf photographic papers and plates; process engrav- 
ing. 

TuiiRAPCAT: Sedative, anticonvulsant. 
THKRAP CAT (VET): .Sedative. 

7702. Potassium Carbonate. [584-08-7] Sail of tartar 
pearl a.sh. CKjO,; mol wt L38.2i. C 8.69%. K 56 58% O 
.34.73%. KXO,. 

Hygroscopic, odorless granules or granular powder, d 2.29; 
mp 891°. Sol in 1 pan cold, 0.7 pan boiling water. Practically 
Mvsol in alcohol. Its aq soln is strongly alkaline. pH t 1.6. Keep 
tightly closed. LDv, orally in rats: ! .87 g/kg, H. F. Smyth et al.. 
Am. Ind. Hyg. As.soc J. 30, 470 (1969). 
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7703 



Potassium Chlorate 



■Sesquihydrate. Small granular crysials. When it contains 
the full amount of water (16.36%) it is not hygroscopic. Sol in 
less than'l pan water. Practically insol in alcohol. The aq soln 
is strongly alkaline. 

Caution: Irritant, caustic. 

use: Manuf soap, glass, pottery, smalts and many potassium 
salts; in process engraving and lithography; tanning and finish- 
ing leather; liq shampoos; for removal of water from organic 
liqs; in anal, chemistry. 

THERAPCAT: Alkalizcr, diuretic. 

7703. Potassium Chlorate. [3811-04-9] Potcrate. 
CIKO3; mol wt 122.55. CI 28.93%. K 31.90%, O 39.17%. 
KCIO3. Contains at least 99% KCIO3. 

Colorless, lustrous crystals, or white granules or powder, d 
2.32. mp 368"; above this temp it dec into perchlovate and oxy- 
gen. One gram dissolves slowly in 16.5 ml water, 1 .8 ml t>oiling 
water, about 50 ml glycerol. Almost insol in alcohol. Keep out 
of contact with organic matter or other oxtdizable substances. 
Caution: Explodes with sulfuric acid; inflames with explosion 
if triturated with any organic substances, sulfur, phosphorus, 
sulfite, hypophosphite, and other oxidizable substances. Incom- 
pal. Iodides, tartaric acid. 

Caution: 'Irritating to G.l. tract, kidney; can cause hemolysis 
of red blood cells and methemoglobinemia: Clinical Toxicology 
of Commercial Products. R. E. Gossclin et al.. Eds. (Williams 
& Wilkins, Baltimore, 5lh ed., 1984) Section II, p 112; Section 
III, pp 74-77. 

USE: Explosives; fireworks; matches; printing and dyeing 
cotton and wool black; manuf aniline black and other dyes; 
source of oxygen; in chemical analyses. 

THERAP CAT: Formerly as topical antiseptic. 

THERAP CAT (VET): In dilute soln as antiseptic mouthwash. 

7704. Potassium Chloride. 17447-40-7] Chloropolas- 
suril; Diffu-K; Enseal; Kaleorid; Kalitabs; Kalium-Duriles: 
Kaon-Cl; Kaskay; Kayback; Kay-Cee-L; K-Contin; Klor-Con 
K-Norm; K-Tab; Lento-Kalium; Micro-K; Nu-K; Peter-Kal 
PfiKlor; Rekawan; Repone K; Slow-K; Span-K. CIK; mol wt 
74.55. CI 47.56%, K 52.45%. KCl. Occurs in nature as the 
mineral sylvine or sylvite. Industrial prepns: Faith, Keyes & 
Clark's Industrial Chemicals, F. A. Lowenheim, M. K. Moran, 
Eds. (Wiley-Interscience, New York. 4th ed., 1975) pp 666-673. 

White crystals or crystalline powder, d 1.98. mp 773". One 
gram dissolves in 2.8 ml water, 1.8 ml boiling water, 14 ml 
glycerol, about 250 ml alcohol. Insol in ether, acetone. Hydro- 
chloric acid, sodium or magnesium chlorides diminish its soly 
in water, d of saturated aq soln at 15* is 1.172. pH: about 7. 
' Caution: Large doses by mouth can cause G.l. irritation, 
purging, weakness and circulatory disturbances. 

use: In photography. In buffer solns, electrode cells. 

THERAP cat: Electrolyte replenisher. 

THERAP CAT (VET): Potassium supplement. 

7705. Potassium Chromate(VI), [7789-00-6] Neutral 
potassium chromaie. CrKi04; mol wt 194.19. Cr 26.78%. K 
40.27%, O 32.96%. K2Cr04. 

Lemon-yellow crystals; d 2.73; mp 975". Sol in 1 .6 parts cold, 
1 .2 parts boiling water. Insoi in alcohol. The aq soln is alkaline 
to litmus or phenolphthalein. 

USE: Has a limited application in enamels, finishing leather, 
rustproofing of metals, being replaced by the sodium salt; as 
reagent in analytical chemistry. 

7706. Potassium Citrate. [866-84-2] Urocit-K. C«,HiK.,- 
O7; mol wt 306.39. C 23.52%. H 1.64%, K 38.28%, O 36.55%. 
K,C(,Hj07. It is at least 99% pure. 

Monohydrate. White crystals, granules or powder. Loses 
its water at 180°. One gram dissolves in 0.65 ml water; very 
slowly in 2.5 ml glycerol. Practically insol in alcohol. The aq 
soln is alkaline to litmus; pH about 8.5. 

THERAPCAT: Antiurolithic. Antacid. 

TttERAPCATCVETi: Diuretic. 

7707. Potassium Citrate, Monobasic. [866-83-1] Mono- 
potassium citrate. C6H7KO,; mol wt 230.21. C 31.30%, H 
3.06%, K 16.98%, O 48.65%. KHiCsHjOt. 



White, cryst powder. Sol in water; the soln is subject to mold- 
ing. 

USE: A 0.05 molal solution as standard for pH scale (pH ^ 
25" 3.776): Staples, Bates, J. Res. Nat. Bur. Stand. 73A, 37 
(1969). 

7708. Potassium Cyanate. [590-28-3] CKNO; mol wt 
81.12. C 14.81%. K 48.20%.'N 17.27%, O 19.72%. Inhibitor 
of sickling of erythrocytes in vitro: Cerami, Manning, proe 
Nat. Acad. Sci. USA 68, 1 1 80 ( 1 97 1 ). See also Sodium Cyanate! 
Pharmacology: A. Cerami et al. J. Pharmacol. Exp. Ther. 185, 
653 (1973). Brief review: Dangerous Prop. Ind. Mater. Rq^ 
13,408-415(1993). 

White, cryst powder, d 2.05. Sol in water, very slightly is 
alcohol. LDjo i.p. in mice: 320 mg/kg (Cerami). 

7709. Potassium Cyanide. [151-50-8] CKN; mol wt 
65.12. C 18.44%. K 60.04%, N 21.51%. KCN. Thearticleof 
commerce contains about 95% KCN. Toxicity study: Hayei, 
Toxicol. AppL Pharmacol IJ, 327 (1967). 

White, deliquesc, granular powder or fused pieces; odor of 
HCN. Violent poison! On exposure to air it is gradually dec by 
CO2 and moisture, d 1.52; mp 634°. Sol in 2 parts cold, 1 
boiling water, 2 parts glycerol, 100 parts alcohol. 25 parts medi^. 
anol. The aq soln is strongly alkaline and rapidly dec pH of 
0.1^ aq soln: 11.0. Keep tightly closed and protected ficm 
light. Incompat. Acids and acid syrups: alkaloids, chloral 
drate, iodine, metallic salts, pcnnanganates, chlorates, pen)»> 
ides. LDjo orally in rats; 10 mg/kg (Hayes). !:'if 

Caution: Potential symptoms of overexposure are irritatko 
of eyes, skin and upp>er respiratory system; weakness, headache 
and confusion; nausea, vomiting; increased rate of respiratioii; 
slow gasping respiration; asphyxia; thyroid and blood chaogd. 
See NIOSH Pocket Guide to Chemical Hazards (DHHS/NIOSH 
97-140. 1997) p 262. 

USE: Similar to sodium cyanide. . ^. 

7710. Potassium Dichromate(VI). [7778-50-9] Poui- 
sium bichromate. CriKiO,; mol wt 294.18. Cr 35.35%.'K 
26.58%. O 38.07%. KjCrjO,. In the U.S.A. it is usually pi> 
pared by the reaction of potassium chloride on sodium dichith 
mate; Vetter in Kirk-Othmer Encyclopedia of Chemical Tedi' 
nology vol. 3 (Interscience. New York, 1949) p 95 1 ; Hartfonl 
Copson, ibid. vol. 5 (2nd ed.. 1964) pp 484-488. In Gemxaj 
it is obtained from potassium chromate produced by roasting the 
chrome ore with KOH. Ref: Muller, Olissmann in UltmaM't 
Encyklopadie der Technischen Chemie, vol. 5 (Munich. 3rded, 
1954) p 580. \ 

Bright orange-red crystals. Not hygroscopic or deliqucsco* ' 
(difference from sodium dichromate). Crystal habit: ptian»ne> ^ 
Crystal system: triclinic pinacoidal, transition to monoclioic * 
241.6°. df 2.676. Bulk density: 100 Ibs/cu ft. mp 398'. IWJ 
at about 500". Heat of fusion 29.8 cal/g. Heat of soln -fi*J , 



cal/g. Specific heat 0.186 at 16° -98°. Soluble in water, 
aq soln contains at O"; 4.3%, at 20°: 1 1.7%, at 40°: 20.9*, J 
60°: 31.3%. at 80°: 42.0%, at 100°: 50.2%. Acid rcactioo:^ 
1% aq soln has a pH of 4.04 and a 10% soln has a pH 

Caution: Intern, a corrosive poison. Industrial contacting 
result in ulceration of hands, destruction of mucous niembf»''^'^_ 
and perforation of nasal septum. See E. Browning, 
Industrial Metals (Appleton-Century Crofts. New York, 
1969) pp 1 19-131. See also Chromium. 

use: In tanning leather, dyeing, painting, decorating P^^;^ 
lain, printing, photolithography, pigment-prints, staining 
pyrotechnics, safety matches; for bleaching palm oil. * j^j^jl^ 
sponges; waterproofing fabrics; as oxidizer in the '"^rLggfli^ 
ganic chemicals; in electric batteries; as depolarizer for t«y 
As corrosion inhibitor in preference to sodium djc 
where lower soly is advantageous. Pharmaceutic aid (o 
agent). 

THERAPCAT (VET): CauStlC. 

7711. Potassium Dicyanoaurate(l). [13967-50-5]^ 
potassium cyanide; potassium aurocyantde. CiAuKr^jt 
288.10. C 8.34%, Au 68.37%, K 13.57%. N 9.72%. ^ 
Prepd by elecuxjlysis of Au in KCN: Glassford, 
Mfljf. 25, 61 (1844). 



Dihydrate- Cryst powder. One gram 
|(tr.0.5 ml boiling water; slightly sol in aU 
liu ether. 
I USE: For electroplating. 

7712. Potassium Ferricyanide. [i 
ftiiim hexakts(cyano-Oferrate(3-); pot; 
tjiic(lll); red prussiate of potash. C^FcK, 
Jh.189%, Fe 16.96%. K 35.62%. N 25.53' 
M Ruby-red crystals, d 1.89. Slowly sol i 
Is 1,3 parts boiling water; slightly sol in 1 
I J) soln dec slowly on standing. Protect j 
I USE: Chiefly for blueprints; in photogr: 
■ flood, dyeing wool, calico printing, as etc 
fauor), tempering iron and steel; in elet 
tridizing agent in organic synthesis; in at 

' 7713. Potassium Ferrocyanide. 

— tassium hexakis(cyano-C)ferrate(4- 
loferrate(ll); yellow prussiate of potasl 
i35. C 19.56%. Fc 15.16%, K A2.4i 
Ob- Review of properties, chemistry 
istry of Ferrocyanides, American C\ 
*New York, 1953) 112 p. 
IXrihydrate. Soft, slightly cfflorescen, 
*-c water at 60", becomes anhydr at 100" 

^7714, Potassium Fluoride. [7789- 
llO. F 32.70%, K 67.29%. KF. Prepd 
IKHFj or by neutralizing HP with KjCO 
»yjtfc Chem. 129, 285, 286 (1927); Kwa 
'parative Inorganic Chemistry vol. 1, C 
mic Press. New York. 2nd ed., 1963) p 
nonin. Compt. Rend. Soc. Biol 124, 13;- 
|Cubic crystals (NaCl lattice). Usually ol 
*Ttsc powder or solid. Poisonous! d 2.^ 
»5°. Soly in water (g/ 100 ml): 92.3 (18 
ely sol in boiling water. Also sol in aq 
a»Jcohol unless water is present. May be 
**lainers. Attracts moisture from the aii 
^ and porcelain. MLD in guinea pigs ( 
0 s^c; in frogs (mg/kg); 375 s.c. (Simon 
|0ihydrate. Monoclinic crystals, mp ^ 
BT): 349.3 g/100 ml. 
|Tetrahy drate. Crystals, mp 19.3°. 
ig'ff'on. Irritating to skin, eyes, mucou 
«*^E: In the fluorination of organic comj 
«r; to prevent unwanted fermentations 
aiions; for frosting glass. 

i ^15. Potassium Formate. [590-29-^ 
JM2 C 14.28%. H 1.20%. K 46.48%. O 
g^lorless, deliquesc granules, d 1.91. mj 
|PP With evolution of Hj. Sol in 0.4 pan 
|PR>ctica]|y neutral. Keep tightly closed. 

7'7l6. Potassium Gluconate. (2<"' 
*s'"ni sah; Gluconsan K; Kal- 
Potassurii; K-IAO; 
C 30.76%, H 4.73%. K . 
^siuin salt of gluconic acid. 

H H OH h 

HOHjC— C— C— C— C— 
lilt 
OH OH H OH 

g^lWish-white crystals. Stable in air N 
tol Freely sol in water. Prac 

• ether, benzene, chloroform. Aq so 
^ajid have a pH of 7.5-8.5. 

^''CaT: Replenisher (electrolyte). 
P Cat (VET): Potassium supple men i 

Potassium Glycerophosphate. | 

• ^ol wi 248.25. C 14.51%. H 2.8- 
•P 12.48%. K.CjH^PO,. 
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Enhancement of Candida antarctica lipase B enantioselectivity and activity in 
rganic solvents 



Marie-Claire Parker,*«t Stuart A. Brown * Lindsey Robertson* and Nicholas J. Turner* 

^ Department of Chemistry, Joseph Black Building, University of Glasgow. Glasgow, UK GI2 8QQ 

* Edinburgh Centre for Protein Technology, Department of Chemistry, University of Edinburgh, King's Buildings, West Mains 
Road, Edinburgh. UK EH9 3JJ 

The enantioselectivity and catalytic activity of Novozym 
435® [Candida antarctica lipase B (CALB)] in organic 
solvents was found to dramatically increase upon the 
addition of a non-reactive organic base, such as EtjN, to the 
reaction system. * 

It has been shown that the unusual microenvironment of 
enzymes in organic solvents can affect a number of parameters, 
including the degree of protein hydration, '-^ secondary struc- 
ture,3 the susceptibility of the protein to inactivation and 
variations in the ionisation state'* of side-chain residues. 
Frequently, these differences have been shown to result in 
interesting changes in the enzymes, including reversal of 
substrate specificity and changes in stereoselectivity, although 
the underlying reasons remain poorly understood. 

It is commonly accepted that the best predictor of enzyme 
catalytic activity in low water organic media is thermodynamic 
water activity Over the past few years although much 

has been reported on enzyme enantioselectivity in organic 
media there are as yet no predictive rules available. Crude lipase 
preparations have proved to be simple and effective biocatalysts 
for kinetic resolutions, e.g. chiral carboxylic acids and alcohols. 
However, the low purity of these preparations (presence of other 
lipases and competing hydrolases) can, in specific reactions, 
lead to low and unpredictable enantioselective behaviour. This 
effect can be compounded when using organic solvents, due to 
the effect of different solvent properties on catalytic activity. 

The starting point for the work described herein was the 
lipase (Lipozyme® Mucor miehei) catalysed dynamic resolution 
of 4-substituted oxazol-5(4//)-ones, a reaction we have pre- 
viously employed for the synthesis of enantiomerically pure 
(iS)-L-ferf-leucine,^ It was previously found that the modest 
enantioselectivity in toluene (ca. 68% ee) could be enhanced 
{ca. 97% ee) by the addition of a catalytic amount of Et3N to the 
reaction; the role of EtsN is not to facilitate racemisation of the 
substrate. 

We decided to investigate this effect in more detail by using 
a commercially available immobilised lipase,§ Novozym 435 
{Candida antarctica lipase (CALB), since a larger substrate 



Table! Effect of water activity on initial catalytic rate"'* and enantiospecificity as a function of hydration, with and without EtjN 



Solvent^ 




No EtjN 

Initial rate/nmol 
min-' mg-' 


Ee (%) 


EtjN 

Initial rate/nmol 
min-' mg-' 


Ee (%) 


n-hexane 


-0 (anhydrous) 


26 (±1.5) 


85 (± 3) 


30 (± 1.5) 


90 (± 3) 


n-hexanc 


0.69 


4 (± 0.5) 


55 (±2) 


20 (± 1) 


87 (± 3) 


n-hexane 


0.97 


1.5 (±0.15) 


30 (± 5) 


18 (±0.9) 


80 (± 5) 


toluene 


~0 


15(± 0.8) 


85 (±4) 


27 (± 1.5) 


93 (± 3) 


toluene 


0.22 


3 


61 (± 6) 


17 (±1) 


95 (± 2) 


MeCN'' 


-0 


15 


>99 


10 


97 (± 2) 


MeCN'' 


0.1 (0.5% v/v H2O) 


NR' 




5 (±0.3) 


90 (± 4) 


MeCN'' 


0.4 (2% v/v H2O) 


NR' 




NR' 





" Initial rate for (5)-butyl ester etiantiomer 2. * Results reported are the average of three separate measurements. Note ||. Ref. 8. ' No reaction. 
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range could be tested with this enzyme. The catalytic activity 
and enantioselectivity of the alcoholysis of (±)-2-phenyl- 
4-benzyloxazol-5(4//)-one 1 using butan-l-ol as the nucleo- 
phile (Scheme 1) was monitoredTf under a range of reaction 
conditions, including controlled water activity. Hydration was 
controlled by equilibrating|| enzyme and solvent with the 
appropriate saturated salt solution'' of known thermodynamic 
water activity ay,. Therefore a low system will be one in 
which the solvent is poorly hydrated and the enzyme, similarly, 
has a low level of hydration, and at high a^ {e.g. 0.97) the 
solvent is near water saturation and the enzyme is fully hydrated 
(as would be found in an aqueous system). Table 1 shows the 
effect of hydration on the initial catalytic rate and enantiose- 
lectivity, in three different solvents, n-hexane, toluene and 
MeCN, either with or without EtjN.** 

It can immediately be seen that the lipase-catalysed reaction 
is very sensitive to water activity. The addition of a non-reactive 
organic base, ft EtsN, to the reaction enhances significantly 
both the enantioselectivity and catalytic activity of the enzyme. 
Even low levels of hydration, present in the more nonpolar 
solvents such as n-hexane and toluene, are detrimental to the 
overall catalytic performance of CALB. We find that generally 
for optimum yield and enantioselectivity, both the enzyme and 
solvent should be rigorously dried prior to addition of EtsN. We 
were interested to see if addition of EtsN to a reaction already in 
progress and of poor enantioselectivity, could reverse this 
effect. As can be seen from Fig. I , the addition of EtjN after 140 
min immediately results in enhanced catalytic rate and en- 
antioselectivity. 

In order to examine the generality of the effect of EtjN we 
investigated a second reaction, namely the CALB-catalysed 




(S)-1 (S)-2 3 (trace) 

Scheme I 



80 Y 

70 - 



60 




0 4 \ 1 1 1 \ 1 1 

0 50 100 150 200 250 300 350 
r/min 

Fig. 1 Effect of EtaN on ee. Reactions A ( A ) and B (■) were carried out 
under identical conditions {(2^, = 0.69). At f = 140 min, 14 mol%Et3N was 
added to reaction B (arrow). 

reaction between l-phenylacetoxy-2-methylcyclohexene and 
butanol yielding 2-methylcyclohexanone and butyl phenyl- 
acetate.9.15 Using n-hexane (a^ = 0) and MeCN (0.5% H2O, 
= 0.1) as the solvents, we observed that the addition of EtjN to 
the solvent resulted in a dramatic increase in the catalytic 
activity. An approximate 200-fold increase in activity was 
observed in MeCN (a^ = 0.1) and a 700-fold one for that in 
n-hexane (a^, = 0.97). The higher activity found in n-hexane is 
presumably due to a more intimate contact between the enzyme 
and EtaN in a more nonpolar environment. Similarly, the 
activation effect for (±)-2-phenyl-4-ben2yloxazol-5(4/r)-one 
ring-opening in MeCN is similar to that described above and is 
expected to be a result of less EtjN adsorption to the enzyme in 
MeCN. 

The ability of organic bases to increase the enantioselectivity 
of lipase-catalysed reactions in water-saturated organic solvents 
has previously been reported. •'^-i^ In some cases^'-'^ this effect 
has been attributed to the formation of an ion-pair between the 
base and any by-product acid. Using electrospray ionisation 
mass spectrometry (ESI-MS)Jt we have detected the formation 
of carboxylic acid 3 during the course of the oxazolone reaction 
at intermediate to high water activities {e.g. = 0.69^.97). 
We have also found that addition of acid 3 to an already 
hydrated system results in loss of activity, which can be fully 
recovered upon addition of an organic base, presumably via 
formation of an ion pair. Ion pair formation is observed in both 
low and high dielectric non-hydrogen bonding solvents such as 
n-hexane and MeCN. In a high dielectric, non-hydrogen 
bonding solvent such as MeCN, where the acid was found to be 
more soluble, we find experimentally that dissolution of acid 3 
in n-hexane and MeCN occurs upon addition of EtsN, thus 
removing acid from the immediate microenvironment of the 
enzyme. However, the enhancement of catalytic performance 
and enantioselectivity for rigorously dried samples, and those of 
low water activity {a^f < 0.7) where we find no evidence for 
hydrolysis over the course of the initial rate measurement, 
cannot be explained in terms of hydrolysis products affecting 
•enantioselectivity, since for an unrelated substrate, an activating 
effect on the catalytic activity has been demonstrated. 

The addition of co-solvents, such as DMF and DMSO, was 
found to solubilise the acid and thus it was anticipated that they 
would perform a similar role to EtsN in removing any acid from 
the immediate vicinity of the enzyme. Both DMF and DMSO 
were chosen as additives to the bulk organic solvent (toluene at 
= 0.22). Although both DMF and DMSO increased the 
enantioselectivity of the reaction to 85% ee, there was no 
significant effect on the catalytic rate as found with EtaN. Since 
the solvation of the carboxylic acid by these co-solvents occurs 
by a different mechanism to that of EtsN, i.e. the additives are 
unable to form ion- pairs, they have limited use in reducing the 
overall effect. 

The role of EtsN therefore appears to be dual in nature, i.e. 
increasing both the enantioselectivity and catalytic activity of 
lipase-catalysed reactions. The addition of EtaN therefore 



provides an additional strategy for improving the enantiose- 
lectivity of lipase-catalysed reactions. We are currently in- 
vestigating this effect with other lipolytic enzymes. 

We are grateful to Boehringer Mannheim, Germany, for the 
generous gift of lipase samples. The BBSRC is acknowledged 
for a David Phillips Fellowship (M. C. P.) and a studentship 
(S. A. B.). 

Notes and References 

t E-mail: m.parker@chein.gla.ac.uk 

X The thermodynamic water activity {a^) describes the mass action effect of 
water on hydrolytic equilibria and also describes the partitioning of various 
water phases that can compete for water binding (ref 1). 
§ Polyacrylamide gel electrophoresis of CALB desorbed from the solid 
support exhibited a single band corresponding to the reported molecular 
weight of CALB {33 KDa) (ref. 6). 

(±)-2-Phenyl-4-benzyloxazol-5(4//)-one 1 (0.16 mmol) was placed in a 4 
ml screw top vial together with the solvent, (either anhydrous or hydrated), 
butan-l-ol (0.24 mmol, 1.5 equiv.) CALB (40 mg) and EtjN (14 mol%). 
The reaction vial was shaken at 250 rpm on a rotary shaker at 37 "C and the 
progress and ee (%) of the reaction were monitored by chiral HPLC 
(Chiralcel-OD, 250 X 4.6 mm, Mallinckrodt Baker, n-hexane-PriOH 
(90:10 v/v), UV detection A = 254 nm). 

II Candida antarctica lipase B (CALB) was received as an immobilised 
preparation (Novozym 435, Boehringer Mannheim, Germany) and was 
dehydrated over P2O5 (at room temp.) for 2-3 days. Rehydration of dried 
lipase to the desired water activity {a^ was carried out using saturated salt 
solutions (equilibration period 48-72 h). (±)-2-Pheny!-4-benzyloxazol- 
5(4//)-one 1 was stored over P^Os at 0 'C; anhydrous solvents were stored 
over freshly reactivated 3 A or 4 A molecular sieves. The water content of 
dried solvents was measured using Karl Fischer water titration (ref. 1 5) and 
found to be < 0.001 wt%. Solvents were hydrated separately from the 
enzyme using the same water equilibration procedure as described above, 
approximately 24 h before use, 

** Control reactions showed that no detectable ester (as judged by HPLC) 
was formed in the absence of enzyme, either with or witiiout EtsN, over a 
48 h analysis period. 

tt Other organic bases give very similar results to EtjN, e.g. DABCO and 
lutidine. Insoluble inorganic bases, e.g. KHCO3 and K2CO3, had no effect 
and did not result in the high catalytic rate and enantioselectivity observed 
with the soluble organic bases. 

%% Electrospray ionisation mass spectrometry (ESI-MS) and atmospheric 
chemical ionisation (APCI) were performed on a Micromass Platform II 
spectrometer (cone voltage 20 V). 
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